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Executive Summary 
  This report is the conclusion of an effort of the Department of Physics and 
Astronomy at San Jose State University (SJSU) for Lawrence Livermore National 
Laboratory (LLNL).  SJSU was tasked to assist with data analysis of recent 
photonuclear measurement data taken at Duke University’s Free Electron Laser 
Laboratory (FELL) using the High Intensity Gamma‐ray Source (HIGS).  Specifically, 
photofission measurements of 235U near the fission barrier were performed at HIGS 
and the analysis of key aspects of that data were performed by SJSU.  The results 
indicate that photofission of 235U is isotropic in azimuthal angle but shows angular 
dependence in the polar or laboratory angle.  The conclusion is reached that the 
angular distribution is caused by the polarization of the beam which is 100% 
linearly polarized.  Preliminary results using a novel method to extract the fission J‐
states indicate the dominate fission channel is through J=9/2.  Results also indicate 
J=7/2 is the only other contributor to photofission.   
 
Outline 
  This report is the convolution of reports drafted by the active participants 
(i.e. students at SJSU).  These reports are included in this overall report as 
attachments.  The reports discuss and detail the analysis of the participants for their 
efforts, which include: 1.) analysis of neutron detector data taken from online 
measurements (T. Slauter), 2.) analysis of flux measurement data taken offline (M. 
Fong), and 3.) overall results of photofission and width determination (R. Espinoza).  
The latter effort has transitioned into a thesis (M.S.) effort for Mr. Espinoza and the 
reporting here on his component is preliminary.  We welcome future readers to 
contact SJSU for a copy of Mr. Espinoza’s thesis when it becomes available (~May 
2013). 
   



 
Appendix 1: Analysis of neutron data from 235U photofission. 
T. Slauter (written by M. Fong) 
 
Introduction 

At the High Intensity Gamma-ray Source (HIGS), a Laser-Compton Back-

Scattering Photon Source (LCBS) at Duke University, a gamma-ray beam, is created by 

colliding electrons moving near the speed of light with a laser (produced with a Free 

Electron Laser) with energy ~ eV aimed antiparallel to the electrons momentum. When 

the incident laser photons interact with the electron bunch the photons up-scatters in 

energy ranging from keV to MeV, a gamma-ray The gamma-ray beams are short pulses 

(with a period of 179 ns) of light that are produced as either circular or linear 

polarizations. 

 When a gamma-ray photon is absorbed by a nucleus the nucleus gains energy 

approximately equal to the incident photon energy. The nucleus will undergo fission if 

the excitation energy is at or near the fission barrier, where it will break apart into 

daughter products. This process is called photofission. The purpose of this experiment is 

to measure the prompt neutrons and determine their angular distributions and azimuthal 

asymmetries from photofission in 235U. 

 The fission target is surrounded by an array of 18 detectors 57 cm equidistant 

from the target. These detectors count the neutrons that are produced from photofission 

by reading the amount of neutrons hitting the array. The gamma-ray beam pulsed is 

providing a short window for the photofission process. Energy of the neutron is found 

from the time of flight technique. The time difference between the pulse and the neutron 

hit is be easily converted to neutron speed 𝑣 = ∆!
∆!

 where ∆𝑥 = 57𝑐𝑚. The calculated 



speed of the neutrons gives us 𝐸 = !
!
𝑚𝑣!; m= mass of the neutron and v = speed of the 

neutron. Notice we have assumed non-relativistic momentum. 

 Twelve of the 18 detectors surrounding the target are placed at 

𝜃 = 55°, 90°,𝑎𝑛𝑑 125° and at 𝜑 = 0°, 90°, 180°,𝑎𝑛𝑑 270°; six detectors were placed at 

𝜃 = 72°, 107°,𝑎𝑛𝑑 142° and at 𝜑 = 0° 𝑎𝑛𝑑 90°. The detector hit gives us the angle at 

which that specific neutron broke up from the nucleus. The energy and the angle of 

separation (angle in between the momentum of the incident gamma-ray beam and the 

fission neutron’s momentum) give us the data we seek. For more experimental details see 

thesis work by Ruben Espinoza (May 2013)   

 When a nucleus absorbs energy from the photon, it could disperse that energy in 

many ways through the fission channel. The nucleus could fission into many fragments—

combinations of protons and neutrons. One fragment carries a varying fraction of the total 

energy that the nucleus had before fission, where another fragment might carry another 

energy different from the difference of the absorbed energy and the kinetic energy of the 

other daughter. These fragments fly outward from the original nucleus and undergo 

neutron evaporation. The story becomes much more complicated as the momentum 

distribution of the neutrons are convolutions of a very random statistical set of processes.  

 Given the complexity of the resultant neutron energy from the fission process the 

neutron energy measured is a continuum and is empirically modeled and is called the 

Watt Spectrum. The Watt spectrum is given by W and the free-parameters are a and b.  

The free-parameters are determined through a fitting procedure.  The Watt Spectrum is 

expressed by  

𝑊 𝑎, 𝑏,𝐸′  =  𝐶𝑒!!"′sinh [ 𝑏𝐸′
!
!] 

Eq. 1: Analytical function Watt Spectrum. [1] 



𝑊 𝑎, 𝑏,𝐸′ , where 𝐶 = !"
!!

!
! !(

!
!!)

!
. E’ is the secondary energy (energy of the fission 

neutrons) and coefficients a and b depend on the isotope and vary weakly with incident 

neutron energy (details taken from [1]). 

Since the neutron dissociation channel is open, we must discriminate between 

dissociated neutron and fission neutrons.  The incident energies for these measurements 

were near the separation threshold such that the dissociated neutrons were at or below ~1 

MeV.  Therefore, we could discriminate fission neutrons by fitting the neutron spectral 

region above 1 MeV.  From the fitting procedure we could extract the fit parameters and 

determine the neutron count rate in each detector.  

 

 
Fig. 1: Watt spectrum for Uranium 235 at low and high energies. Figure taken from [1] 

   



 
Fig. 2: Example (Run 14, Energy 4.976 MeV detector 4) with Chi‐Squared=2.9281. 

Fig. 2 shows the hits on a detector four as a function of energy, where E > 
1MeV. The curve is a fit to the data using Eq.1. The variables for the Watt Spectrum 
equation are given from the fit. A χ² test is applied to the fit and the variance of the 
free variables are recorded.  

The angular distribution is extracted from an integral array, where the values 
are taken with respect to the detector location. 

The variance in the free variables are  
𝑉𝑎𝑟 𝑎 = (

𝑎𝑎 − 𝑎
2 )! 

Eq. 2: Variance in free parameter “a.” 
An Integral of Degrees of Freedom (𝐼𝑛𝑡𝐷𝑜𝑓) in the free parameters is taken 

by using the trapezoidal method with unit spacing. The combination of the variance 
and integral of the degrees of freedom can determine the Integral Variance: 

𝐼𝑛𝑡𝑒𝑔𝑟𝑎𝑙 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 =  𝑉𝑎𝑟 𝑎 ∗ 𝐼𝑛𝑡𝐷𝑜𝑓 𝑎 ! + 𝑉𝑎𝑟 𝑏 ∗ 𝐼𝑛𝑡𝐷𝑜𝑓 𝑏 ! 
Eq. 3: Integral variance. “a” and “b” are the free parameters. 

The Integral Standard Deviation is the square root of the integral variance.  
 
 
 
   



Appendix 2: Analysis of HIGS flux data 
M. Fong 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Appendix 3: Analysis of 235U photofission near the barrier (preliminary). 
R. Espinoza (final results to be published in thesis) 
 

 

 



 



 

 

 



 

 



 



 

 



 



 



 



 
 

 


